Abstract: We compare, for the first time to the best of our knowledge, the behavior of a grazing incidence Nd:YVO 4 laser when pumped at 808 nm and when directly pumped at 880 nm. We report a more linear behavior of the output power as a function of input power under direct pumping, due to a decrease in thermal effects.
Introduction
The Nd:YVO 4 crystal is currently one of the most efficient materials for diode pumped solid state lasers. It has a tetragonal structure, and the laser emission is π polarized (parallel to the crystal c-axis), with a stimulated emission cross section of (22 ±3) x 10 −19 cm² at 1064 nm [4] . It is naturally birefringent and thus thermally induced birefringence does not impact on the performance of the high power Nd:YVO4 laser [2] . At 808 nm, this material has an absorption coeficient of 40 cm −1 in π and ∼8cm −1 in σ and at 880 nm ∼30 cm −1 in π and ∼2 cm −1 in σ .
The side-pumping configuration with a grazing incidence inside the Nd:YVO 4 crystal has been first demonstrated, with high efficiency and good beam quality, by Damzen et al [5] . With this configuration the intracavity beam bounces of the crystal's pump surface, therefore, generating a good overlap between pump beam and intracavity beam, making this geometry particularly interesting [1] Direct pumping to the upper laser level should be the more efficient scheme for this four level laser, when compared to pumping at 808 nm, because it eliminates part of the quantum efficiency loss [6] . When the system is pumped at the traditional 808 nm, the atom is excited from the fundamental 4 I 9/2 level to the 4 F 5/2 level and by a non radiative transition decays to the upper laser level 4 F 3/2 from where it decays radiatively to the fundamental Stark Level of the 4 I 11/2 level, as in Fig. (1) . Pumping the system with 880 nm the atom is excited directly to the 4 F 3/2 level, reducing the Stokes shift between the pump and the laser photon, and heat reduction of ∼25% [7] has been demonstrated. 
Materials and Methods
The laser material used in our experiments was a Nd:YVO 4 crystal doped with 1.1 at. % of dimensions 22x5x2 mm³, with the c axis orientation perpendicular to the larger surfaces. The 5x2 mm faces were cut with an angle of 5°t o minimize possible parasitic self-lasing effects and was antireflection coated for 1064 nm. The 22x5 mm surface, which was the pumped surface, was coated for high transmission at 808 nm. The crystal was mounted on a copper holder which was refrigerated with the use of a re-circulating chiller, and a 1 mm indium foil was placed between the crystal and the holder in order to facilitate the heat exchange.
Fig. 2. Schematic of the pumping scheme
For the pumping source, we used two different diode lasers, one of them operating at 808 nm, and the other at 880 nm. The first one is a 40 watts TM-polarized diode bar (Coherent Inc.), and the other a 70 watts TE-Polarized diode bar (Jenoptiks); with the latter we used a zero order half wave plate (Ealing) to rotate the polarization, and hence access the higher absorption coefficient of the crystal in the π polarization direction. Both diode lasers were mounted on a copper plate, with an indium foil in between, and had their temperature controlled by a Peltier element. In order to focus the pump beam into the crystal we used a 6.4 mm focal cylindrical lens generating a line focus of 60 µm diameter.
The cavity was 7 cm long, comprising two mirrors, one high reflector of 50 cm radius of curvature and a flat output coupler with 30% transmission at 1064 nm, as shown in Fig.(2) Analizing the graphics shown in Fig. (3) , it is evident that direct pumping decreases the "roll over" behavior that appears under 808 nm pumping, which is due to the decrease of the thermal lens. A linear fit is shown in each graphic, for which we did not considered the points that do not behave linearly. For the 808 nm pumping we achieved a slope efficiency of 59%, threshold power of 4,78 W and optical-to-optical conversion efficiency of 47%. For the 880 nm pumping, the slope efficiency was 51%, threshold power 2,34 W and optical-to-optical conversion efficiency of 45%. Although the slope efficiency was slightly better for the indirect pumping, the threshold power was approximately twice the value obtained under direct pumping, which shows clearly less losses with the direct pumping situation.
Results and discussions

Conclusions
Comparing the behavior of the system, when pumped at 808 nm and direcly pumped at 880 nm, a reduction of the threshold power, higher output power and less roll over was shown under direct pumping. We intent to perform a double bounce configuration in order to study fundamental mode TEM 00 operation when the system is directly pumped.
